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SURFACE LIGHT-EM I niNG SEMICONDUCTOR 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a ref lect ion .mi rror which is manufactured with no 
dispersion in reflectivity with a reflection mirror of high reflectivity. 

SOLUTION: The element comprises a GaAs substrate 101, a first reflection mirror 102 
comprising a multi-layer film of GaAs/AIAs provided on the GaAs substrate 101. 
laminating structures 103, 104. 105. and 106 constituting a light- emitting part 
formed on the first reflection mirror 102, and a second reflection mirror 115 
formed on the laminating structures 103-106. The second reflection mirror 115 
comprises a multi-layer film having a pair of a GaAs film 111 and an air layer 110 
comprising an A10 supporting layer 109 along both side edges. 
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(57) [Kl^] 

;*:M^5^*i>r<4^U-1f5»T-«. Ga As 
S«l 0 1 Ga As^K±f3a9:tt6n;tGa As / 

A I As <r>^mm^^u^i^ 1 1 0 2 ^1 

3, 1 0 4. 1 0 5. 1 0 6i:. ^mm^JL\Zf^^'^ti 

tt. GaAsiii 1 Its mmtsaxzY^-^xA 1 o^wm 

1 0 9 €:*-rftgS^B 1 1 0 i:«r 1 ti^ tt ^§^mWL^m 
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m^^i] Ca As mmt. Ca as S«±k:»(t 
6n;tGa As /A I As 0*»K3&»e3a:«» 1 <ORtt 

[ffll*S23 fB2<0E}t«;^, Ga As IKJrftAT. 
A I, Ga,., As (x<0. 3) J99<h, PfiiJ»lC»o 

GaAsflstA I AsMi^: is^tri>^mm^m^'r 
LTA I ofcic^bL, A I om^mfsct^xmi:. 

tit^J&4) Ga'A sK"fe-fi5^.T. A I , Ga,^. A 

s (x<o. s) mtA\ Asmiz^iscit-r^^i^mm 

m^ms} A] Asmizr<,^X. GaAsBS^Al 
, Ga,-y As (y>0. 6) IKt$rl5fc^i:T«>^iiffi|. 

^miS,r^xmt. : 

X h ^-Y :/>'1f«<0^Safl['9 A I y G Q ,^ As (y > 

0. 6) mc(>m»m^mi\:ixA j o»-<iB^bu> a i o 
m^m^^xMtlt ' 'i? . 

Sl*<OAli Ga,::^:^As •jCy>0. .6) m^J^y^> 
yUTH^U. I^W«fctaoTf9:Vte>nfeA 1 OlilCj; 
o TKifli^ n;/i:^^a J^j^Jct Xg &^^«> C t «r 

[»95R«6] Ga A sBatA 1 A s ^<h^®Ki;:f^X 
T» A 1, Ga,., As (x<0. 3) m^A I y Ga 
,^ As (y>0. 6) JIft4:*l**^r^#»Bt*flJfig 

Xh^i'y^1j-4^C0*SBJJ<?DAI y Ga,^ As <y> 
0. 6) S^(0Mj»fi5€:ffi{bLTA 1 OlHRftb, AlO 

aSFOAl, Ga,., As (y>0. 6)ll&Xv^> 
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-ox^miitift^&SLm^mfir^x&t^tniL^^it^ 

[000 1] 

if^'f'Rxf^(omi^:6^\zm\.. mizmmiztt. mi^tfi 

(0 0 0 2} 

^S'voaffl* @« U-1f ajli^'t LTft e * 

xit^mi^i^-^^^xi^^x. -m\z\t. Rsti^9 9 

(0 0 0 33 KS8tJp®S«tt*?^fifeT*:«rf£H. ft* 
f&\z^r)s.m»^m^-r^:^mi^m^^t\x\i^^. mi 

<0 A I A s S i ^«jt» LTtt^^JlKld-i 0 iSj^WspK - ^ 

/S:i6fCtf; {l>/i< i"t> 2 *0 WWJzCoiiftj&ti^ST^^^ " 
KS&t^cD^jfe^ 8.0 nmSa?i:3Efcv^» ^> ^- • - 

CO 0 0 43 c'HfcktT, t(i2<o:^mti. mm^i&i^ 
:K^r^t^mzmu^2mm(KiVim»$in^mu^i5ikx 

hoX. mtt/S«fspn*t3. 2 (OS IK^h. ISSr^n 
6*t@STSW**^9 9 5fi£<±<OSW«[^J^^t--6Cl«!: 

mxfimmxi^^^ommii^ib'Dit. 

[0 0 0 51 c:n^w*«^J3»iLT. m3«):;5Fj*Ttt. 
BI4JC7^f ^^IC. ife-r. Ga As««.i:ICMBEfi;»C 
J:0. A I, Ga,_, As (x<0. 3) ) flgi, A I 
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f Ga,., As (y>o. 6) mto:>^mm^mEkr 

*l^T, A I y G n,-y As (y>0. 6) m^M 
««X y ^ > i/fStC cfc o TBI 0 » V^Xa^Q ^J^ISfc L 
T. AI,Ga,,, As (x<0. 3) KtaaSiTi^ 

oet al., AppI. Phys. Lett.. Vol. 57 pp. 1387-1389, 

10 0 0 6] c:<7):^mfcj:n«, ^«<*co/a^^*t3(i 

-0. 6%. 25ttTll9 9. 29^v 3^TH9 9. 9%0> 

mR^^iDRmmii^n^tis mmmtiS o o nmmm 

filT^«i^O?lJ^;^t«)«>, f^d, Al, Ga,., As (x 
<:0. 3) ) fflt^^t^AI yr-Gflj-y As (y^O. 6) 

©KSrJ^fiKL, .Al A8lK^2l«fi<lJ-li$f3cUT. GaA 
-CO 0 0 7) 

<0*ttTtt, GaAsJK, iXttA I , Ga,.j As (x 

<o. 3) > my^^ibu^mi<omt. ^^mt(D^mm 
^macri>i&^s ^wztf^^^^iz. m^xy^>ifm 

\Z^0. A I Asl8X»A 1 y Ga,.y As (y>0. 

f^«fc8i)J;:je:^®j^i3^^^^^;^j:«>GaAsMX«A 1 , G 
a,-, As ..(x.<0.. .3)^|R^TjSf'llCX^y^>^L/!: 

10 0,0 8jj;£ii±<^^i ^seoRW^ojPiiK^^ 

io 0 0 9) ' 

*9im\z%^m^^^^m^U-lf^'f'\t. Ga As 
set. Ga As S«±Jc39:^t^nfcGa As /A I A 

s (o^mm^fDU^m I o:>Rmmt. m i o)Rtt^&i±\z 

^-T^ra^-pT, macoSiWIKJi, GaAs^i:, j^^B^j^ 

iwjttoT»irt«Dnx::A I om^z^ox^m^nrcn'Mm 
xv^-s. 

[0 0 10] A 1 Oilco*@ia. jS^Jt. 1 0 fSIKXA 



Ga As BKlCf^xX, Al, Ga,,, As (x<0. 



3) mt. mmmz^':;>xA i o^i^^^^t^^^m 
100 I n '*^mizgit^mfti^¥mi^u-^m-^m 

ll^m'tm^r^\Z^ftK>. GaAsIgtA l AsK^S 

<^A 1 Asm(r>mBm^miti^xA i o<rite<bL, a i 

Lx»5&u mmiaiKm^xmi-f^tiftA i osrc^o 
xixjif$n;t^a©^^^'Sxist$:fi-r«». 
[0012] A 1 om^m&r^xmx'. T. hy-c^r^ 
iir^<o^mm<^A i Asmihm&m^mit'r^:h'm\t. 

^yt. ^mm^^'^r^xmx. tf^m\z^t. ^wcoa i 
Asm^xv9->ir'r^m(oxy^:/^'v\t. GaAs 

tA 1 O^<r>m<oj:^y9'>ifmmttt^:k^\,^xy9'>^ 

IK, WAtfHF l 0«^fiSrtft^(DHFI^Xu/^-^>hM 
[00 1.3] Sfc. Al, Ga,.» As (x<0. 3) 

A 1 A s 1 i^itr^^jQm^m&Ltzxm^ 
fsx. GaAamt. Mwm\zfB^xA \ o^nm^^ 

Xt>AV^. SeiCtt. A J A s ifi[l::f^AT. GaAsJjfti: 
Aly Ga,.y As (y>0. 6)M^^inftZ>^ 

' m^^imr^xm. c a AWfigiiAT a i m±^^m 

i;:f^^-d; a 1 , Ga As ( x <^ . '3 )■ a t ^ : 
T Ga,% As(y>0. ^6^)i R^'il^l^'^t't^Sl^SK' 

^mf^-r^xm^i^x.' A Ga-;:!f^'A4 ^|>^^''^*^ 
•r^>i;'5kLx^Mi^ ' ^ ^'v: ^ 

[00 1^4] *if6WTtt: Gz As XikA) x''<^a^.^ '' 
As (x<0.^3) Sr/fA l ot. A^A^XlfA l V 
Ga,^ ;As*(y>0. 6 ) . tCOffflc^JC^i;-?^::^^^ l^i-;h^^ " 
«)^«:fiJ^UX;* a^iWfcA i A s J kkk Tf^G a 
H As (y>;0. -6) 3£:^iUX. ^TOlCA' I O®'' ^ 
€r®e$-&XV^^: C:nic:J:0, GaAsK/XliAf 
, Ga,., As *(x<0. 3) ) flftt. ^fflii»rift>':>X 

wtn^btifzA \ om\z^^xmmi^n:tt^^m (^m) 
to^mm^^u^. mmm\zm^xMEL^^(nKm&i 
^'^m'Et.x^KtAmz^th-Dtm<mmT^z.iLifix^ 

[0 0 16) 

\zwmr^. 
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!f«^l Ott, IS3ni^-r<taJr, Ga As S 
« 1 0 1 Ga As S« 1 0 1 ±^m^fi^nrcGh A 
s /A 1 As <0^»HI|j&>6/<t^S«ffllS««il 0 2a:, 

i'^^^HWl 0 5, A 1 As »1 0 7. A 1 As »1 0 

7 <DJ^E€:«|«3jiA/;t\ A 1 A s <Ott{b®)0^6;^^fij6 

^. tO^O 1 6] I SU. «JBttS*AtL^B#, 

K/P^A/ (4ncaA, > <^GaAs^l 1 l mmi»m 

«»S»[SA:^t9 8 OniTicOR^» Ga As (OB^^n 
Cils =3. 5T*>e75»*Q, Ga As Kl 1 iCDflgjPtt? 
Onm, ^^flii 1 0(7>S;Sltt2 4 5nmT*^. S« 
Ml 1 5<0K«^«, Ga AsMl 1 1 i 0 

t^lMt^^^m^^mX^t. l^Ttt9 0. 6 
2*fTtt9 9. 2%, ^Xt, 35k*rT«9 9, 9?g<35 
SUtttl 1 5tt. Ga As m 

K:. 2 0 — 3 O^Tto.G s /?A 1 A s <7>*^J»M I 0 2 C 
^-f^fi^L, K«tsp9>?6|t±co:^|4iK^fl|fijjt.TV^a. 1 

. 

^>Cjr. Bl 2 at/ta 3 UX:. *IIJffiJgfia«^0D®^3^ . . 
U^1f«TPl 0 9fp«35i3|SK.W-r5. 0 2 (a) . , 

(c) kzm3 (a) i?(e) S. *sl»fig«aj©ffi»,? . 
■riKiifHT**. ' 

< * > W2 (fl^ i:^-iF^J:-^tr. r.. A, aft; i 
0 1 i-tr Ga A,1 I As <0»BliaA>er/ ^;^^ ^ 

^Wj>?yKBlOS. A lAs»107, A I As » 
^,t:fe. W? fa> Ttt ^aff fflt;i\tf)Bl nfif :f^4p^ 



00 181 (2) ^UT 1 ^2 (b) fcjitTfJr^f 

-tcMx-r-Sf ^ 

■A I 0-»»Bi n Q».y.f,y-^x; 

aa.oj4m«9T;^»»iBGfei,. Rjtx->^><^»i;Xo- 

^igtt/U-fc-r*. ;t- LT. GaAs jbA 1 Oji:<PIB(0 

^-J A. S g)»feX.y^ >^-ciai^L.T. B3 (d) i£ - 
nt:^*?. r.a A..: B^l 1 I ^. Bffffl|»rift^T a Ir^ 

foe 19] (5) i#tt,»T. 03 (e) K*fJ;5»C. 

«s5B!i;ii«>«ja. «^b:a I A s fl5»fl:» i o eaoc 

««I12. 1 1 3*«5j«-r«c:tlc:J:0, BlfciK-r 

[002 0] **Jg»je«i:ititf . G a A s SOtA I 
Ot, A I As t©mO!>Iyf'>Ji'a«Jt;ftt>cgt,>, ^ 

«fiSt-Cl»*A 1 A s mo>?f.'&X.y^>i/4m^LX^ ' 
[0 0 2 11 jfemmtafflia •• ' '. 

^^jfifBUffin;*. mmmi&tiii i ©asCT-cs-pT. sits 
»te«2©ffi»3ttwf-tfSf^T>a. m9iytp-^m4 i 

0 © G a A s W 1 !• I icf^AT, . A 1 . G a i. f A 1 - 
(x<0. 3) ffit. ii5«ll«cU»-)TA 1 OjgJtJliTo ; 
9 ««r*^«Ui 11 0 t * 1 »tr«*JilSTffl 2'© 
1 5S«|js$-r«). -twistctt. hJB© (1)"© 
ISTta. GaAsJKl 1 1»=«AT. A1 , G a ,1, 
As (x<0. 3) Mt. A 1 AsRl 1 4tSl«i 

[0 0 2 2] MmmmA 



i ■ 



irai;«t;ifc*^-rs*>©©. »!f^*a*w<t«.«T?» 

«. ±m<D (I) ©xer, aiaskh 

4R:rt*T, GaAslKH 1 tA I , Ga,^ As 

(y>o. 6) ii(itfti^it-r«>*aig$®fiKL. *u 

T (3) ©XSTA I , Ga,^ As (y>0. 6) m 
*»YbUTA I OXK/Hl 0 9€:»figt. (4)©ie 
Ta#fflAl, Ga,^ As (y>0. 6) K*Xyf^ 
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[0 0 2 3] 



• As (x<0. S)mtA\^ Ga,.y As (y>0, 
XgTAl,Ga,_y As (vr>0. 6) ffi^K-ftLT 

A 1 os:«?;si 0 g^mu, <4) (DiiiTa#<?DA 

I, Ga,^ As (y>0. 6) MS:X«/^>^Ut» 

:^mitisimiZ'A\As aaxjiA i /ca,.;' as <y 
>o. 6) m(oj:y^y^(Dmmmm<. msb\z\^^ 

[0 0 2 5] 



[02] 02 (a) <c) 14, SMH^fflffllKOffllB 
[03] 03 (d) t (e) 14, *^i8i©a8«co®5S« 

[04] fl!*oiE9t«&©«dt&t;-eo^ijijjs$^9gr'5) 
fc*i)osit«i8iftotts:«»f00Tafe«. 

10 1 Ga As ■ y 

Ga As /A 1 As <6^I(BIBI^^S?a:'5S«|«flfi 



1 0 2 

10 3 
1 0 4 
1 0 5 
1 0 6 
1 0 7 
1 0 8 
10 0 
1 1 0 
1 1 1 
112, 
1 1 4 
. 1 -1 -5 



A 1 As 0 

A I 03£fiPJi 

Ga As m 
1 1 3 

A 1 As JS 



X5 




•4 



l02:GaA$/AlAs<fc«:)<K5 

f03,lO5'-75-/Kjg 
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